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PROBLEM TO BE SOLVED: To obtain a rear focusing system zoom lens which has 
good optical performance over an entire varying power range from a wide angle end to 
a telephone endor an entire object distance from an infinity object to a super close 
object and which utilizes a diffraction optical device. 

SOLUTION: In this zoom lens having the four lens groups of a first group L1 having 
positive refracting powera second group L2 having negative refracting powera third 
group L3 having the positive refracting powerand a fourth group L4 in order from an 
object sideand performing variable power by moving the groups L2 and L4; the groups 
L1 and L2 have at least one diffraction optical device which is rotation symmetry to 
each optical axisand when the number of a lens provided in the group L1 is defined as 
NICthe power variation ratio of an entire system is defined as Zand the Abbe number 
of the material of the optical lens among the lenses possessed by the groups L1 and 
L2 is defined as Vtbe expressions of N1C<V~ Z/2and V <72 are satisfied. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a zoom lens which has four lens groupsthe 1st group of positive refracting 
powerthe 2nd group of negative refracting powerthe 3rd group of positive refracting 
powerand the 4th groupin ordermoves this 2nd group and the 4th group to itand 
performs variable power in it from the object sideWhen an Abbe number of 
construction material of lenses with an arbitrary lens with which Zthis 1 st groupand 
the 2nd group have a variable power ratio of N1C and the whole system for lens 



number of sheets which this 1 st group and the 2nd group have at least one diffraction 
optical element symmetrical with rotation to an optic axisrespectivelyand this 1st 
group has is set to nu[Equation 1] 

A satisfied zoom lens. 

[Claim 2]A zoom lens of claim 1 wherein said 4th group has positive refracting power. 
[Claim 3]A zoom lens of claim 1 wherein said 4th group has negative refracting power. 
[Claim 4]Claims 1 and 2wherein said diffraction optical element comprises a laminated 
diffraction gratingor 3 zoom lenses. 

[Claim 5]In a zoom lens which has five lens groupsthe 1 st group of positive refracting 
powerthe 2nd group of negative refracting powerthe 3rd group of positive refracting 
powerthe 4th groupand the 5th group of positive refracting powerin ordermoves this 
2nd group and the 4th group to itand performs variable power in it from the object 
sideWhen an Abbe number of construction material of lenses with an arbitrary lens 
with which Zthis 1st groupand the 2nd group have a variable power ratio of N1C and 
the whole system for lens number of sheets which this 1st group and the 2nd group 
have at least one diffraction optical element symmetrical with rotation to an optic 
axisrespectivelyand this 1 st group has is set to nu[Equation 2] 



A satisfied zoom lens. 

[Claim 6]A zoom lens of any 1 paragraph of claims 1-5 moving said 4th group on an 
optic axisand performing a focus. 

[Claim 7]A zoom lens of any 1 paragraph of claims 1-6wherein said diffraction optical 
element comprises two-layer composition which comprises 1 lamination or 
construction material from which distribution differs mutually. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention about a zoom lens by using a 
diffraction optical element for a part of lens system Several aberrationlt is related 
with the zoom lens which attained the miniaturization of the whole lens system of a 
high variable power ratio by the large caliber ratio used for the photographic camera 
which amended especially the chromatic aberration gooda video camerathe camera 
for broadcastetc. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight savingssuch 



as a home video camerathe zoom lens for an image pick-up is miniaturized. Power is 
directed towards shortening of whole length of the lensthe miniaturization of a front 
ball diameterand simplification of composition especially in the zoom lens. 
[0003]To the zoom lens for the latest video camerasit has a high variable power ratio 
of 10 times or moreandmoreoverthe zoom lens with the whole small lens system is 
demanded strongly. 

[0004]The so-called zoom lens of the rear focus type which moves lens groups other 
than the 1 st group by the side of an objectand performs a focus as one means to 
attain these purposes is known. 

[0005]Generally compared with the zoom lens which the zoom lens of a rear focus 
type moves the 1 st groupand performs a focusthe effective diameter of the 1 st group 
becomes smallThe miniaturization of the whole lens system becomes easyand there 
are the featureslike close photographingespecially since close photographing becomes 
very easy and it is carrying out by moving a further comparatively small lightweight 
lens groupthe driving force of a lens group is smalland endsand quick focusing is made. 
[0006]As a zoom lens of such a rear focus typefor example JP62-21 5225AIn JP62- 
20651 6AJP62-24213AJP63-247316Aand JP4-43311A. The 1st group of refracting 
power more positive than the object side to orderthe 2nd group of negative refracting 
powerthe 3rd group of positive refracting powerAnd the zoom lens of the 4 group type 
rear focus type which had four lens groups of the 4th group of positive refracting 
powermoved the 2nd groupperformed variable powermoved the 4th group and 
performed the image surface fluctuation accompanying variable power and a focus is 
proposed. 

[0007]The 1st group of refracting power more positive than the object side to order 
with JP4-301612AIt has five lens groups of the 2nd group of negative refracting 
powerthe 3rd group of positive refracting powerthe 4th group of positive refracting 
powerand the 5th group of negative refracting powerThe 2nd group is movedvariable 
power is performedthe 4th group is movedthe amendment and the focus of image 
surface fluctuation accompanying variable power are performedand the zoom lens of 5 
group type which brought the whole lens system close to tele phototypeand attained 
shortening of whole length of the lens is proposed. 

[0008]On the other handhigh optical performance has been obtained in many zoom 
lensesattaining the miniaturization of the whole lens system amending several 
aberration good by establishing an aspheric surface into a lens system. 
[0009]The optical system which provided and amended the diffraction optical element 
which has a diffraction operation about the chromatic aberration among several 
aberrations to a part of lens side or optical system other than the method of 
amending combining the ** material from which distribution differsFor exampleit is 
proposed by JP4-213421AJP6-324262AU.S. Pat. No. 5268790etc. Among thesein U.S. 
Pat. No. 5268790the zoom lens which used the diffraction optical element for the 2nd 
group and the 3rd group is proposed. 



[0010] 

[Problem(s) to be Solved by the Invention]Generallyin order to amend a chromatic 
aberration in the zoom lens of a high variable power ratioit is necessary to use the 
negative lens of high distributionand the positive lens of low distribution abundantly in 
the 1 st groupand to use the negative lens of low distributionand the positive lens of 
high distribution also for the 2nd group for variable power. 

[001 1]In particular^ an about 50 times [ of a 10 or more-time variable power ratio ] 
zoom lensamendment of the chromatic aberration became important and there was 
two sheets or a tendency which it is necessary to use three or more sheetsthe lens 
number of sheets of the 1st group increases as a resultand the whole lens system 
enlarges in the 1 st group about the positive lens of low distribution. 
[0012]The featureslike on the other handif a rear focus method is adopted in a zoom 
lensthe whole lens system will be miniaturizeda focus quick again will become 
possibleand also close photographing becomes easy are acquired. 
[0013]Howeverthe problem that the aberration variation in the case of a focus 
becomes largeand it becomes very difficult to obtain high optical performance 
covering the object distance at large [ from an infinite distance object to a short 
distance object ] on the other hand arises. 

[0014]For examplethe problem that it becomes very difficult for change of the 
chromatic aberration by variable power to become large with the zoom lens of high 
variable power by a large caliber ratioand to migrate to all the variable power 
rangesand to obtain high optical performance covering the object distance at large 
arises. 

[0015]In order that especially a zoom ratio may amend the chromatic aberration 
generated within each lens group with the zoom lens which comprises four groups of 
a high variable power ratio or five groups which are about 50 timesfor example 10 or 
more timesthe lens which comprises low distribution glassand a lamination lens are 
used in many cases. And to the lens groupby using an aspheric surfacethe lens 
number of sheets of a lens group is reducedand the method of shortening whole 
length of the lens is taken. 

[0016]Howeverif lens number of sheets is reducedthe element which amends a 
chromatic aberration will become insufficientand it becomes difficult to amend change 
of the chromatic aberration accompanying variable power good. 
[001 7]A chromatic aberration is also mitigable if low distribution glass is generally 
used for a positive lens. Howevergenerally the glass of low distribution becomes lens 
shape with difficult processing with a low refractive index easily. If refracting power of 
the 1 st group or the 2nd group is weakenedfor example for this reasonrefracting 
power of other lens groups must also be weakened according to thisas a result the 
path of the 1 st group will need to become largewill need to increase the lens 
thickness of the 1st group as a resultand whole length of the lens will become huge. 
[0018]In the zoom lens of a 4 group type or 5 group type rear focus type this 



inventionBy setting up the lens constitution of each lens group appropriatelythe 
object distance at large [ from an infinite distance object to / migrates to all the 
variable power ranges from a wide angle end to a tele edge and / a super-near 
object ] is coveredand it aims at offer of the zoom lens of a high variable power ratio 
by a large caliber ratio with good optical performance. 

[0019]In the zoom lens of a 4 group type or 5 group type rear focus typea diffraction 
optical element is especially introduced into the 1 st group and the 2nd group 
respectivelyReduce the lens number of sheets of the 1st group and the 2nd groupand 
attain the miniaturization of whole length of the lenscarry out the weight saving of the 
1st groupreducing the chromatic aberration generated by the 1st group and the 2nd 
group by using a diffracted-light study operationand. It aims at offer of the zoom lens 
which has good optical performance over all the variable power ranges from a wide 
angle end to a tele edge. 
[0020] 

[Means for Solving the ProblemjA zoom lens (1-1) of this inventionand the 1st group 
of refracting power more positive than the object side to orderln a zoom lens which 
has four lens groups of the 2nd group of negative refracting powerthe 3rd group of 
positive refracting powerand the 4th groupmoves this 2nd group and the 4th groupand 
performs variable powerWhen an Abbe number of construction material of lenses with 
an arbitrary lens with which Zthis 1 st groupand the 2nd group have a variable power 
ratio of N1C and the whole system for lens number of sheets which this 1st group 
and the 2nd group have at least one diffraction optical element symmetrical with 
rotation to an optic axisrespectivelyand this 1st group has is set to nu[0021] 
[Equation 3] 

It is characterized by being satisfied. 

[0022](1-2) In the zoom lens which has five lens groupsthe 1st group of positive 
refracting powerthe 2nd group of negative refracting powerthe 3rd group of positive 
refracting powerthe 4th groupand the 5th group of positive refracting powerin 
ordermoves this 2nd group and the 4th group to itand performs variable power in it 
from the object sideWhen the Abbe number of the construction material of lenses 
with an arbitrary lens with which Zthis 1st groupand the 2nd group have a variable 
power ratio of N1C and the whole system for the lens number of sheets which this 
1 st group and the 2nd group have at least one diffraction optical element symmetrical 
with rotation to the optic axisrespectivelyand this 1 st group has is set to nu[0023] 
[Equation 4] 



It is characterized by being satisfied. 
[0024] 



[Embodiment of the Invention] Drawing 1 - drawing 3 are a lens sectional view of the 
wide angle end of the numerical example 1 of this inventionan aberration figure of a 
wide angle endand an aberration figure of a tele edge. Drawing 4 - drawing 6 are a 
lens sectional view of the wide angle end of the numerical example 2 of this 
inventionan aberration figure of a wide angle endand an aberration figure of a tele 
edge. Drawing 7 - drawing 9 are a lens sectional view of the wide angle end of the 
numerical example 3 of this inventionan aberration figure of a wide angle endand an 
aberration figure of a tele edge. 

[0025]Firstthe feature of the lens constitution of drawing 1 and the numerical 
examples 1 and 2 of drawing 4 is explained. In drawing 1 and drawing 4 L1 is the 1st 
group of positive refracting powerthe 2nd group of refracting power negative in L2the 
3rd group of refracting power positive in L3and the 4th group of refracting power 
positive in L4. SP is an aperture diaphragm and is stationed ahead of the 3rd group L3. 
G is glass blockssuch as a color separation optical systema faceplatea filter. IP is the 
image surface. 

[0026]In this embodimenton the occasion of the variable power from a wide angle end 
to a tele edgethe 2nd group is moved to the image surface side like an arrowand the 
4th group was moved having a convex locus in the object sideand the image surface 
fluctuation accompanying variable power is amended. 

[0027]The rear focus type which moves the 4th group on an optic axis and performs a 
focus is adopted. The curve 4a of the solid line of the 4th group and the curve 4b of a 
dotted line which are shown in the figure show the moving track for amending the 
image surface fluctuation at the time of following on the variable power from a wide 
angle end when carrying out the focus to the infinite distance object and the short 
distance object respectively to a tele edge. The 1 st group and the 3rd group are 
immobilization in the case of variable power and a focus. In order to lessen the 
variable power assignment of the 2nd groupthe 1 st group may be moved in the case 
of variable power. 

[0028]In this embodimentmove the 4th group and the image surface fluctuation 
accompanying variable power is amendedand the 4th group is moved and it is made to 
perform a focus. It is made to move so that it may have a convex locus to the object 
side on the occasion of the variable power from a wide angle end to a tele edgeas 
shown especially in the curves 4a and 4b of the figure. This aimed at effective use of 
the space of the 3rd group and the 4th groupand shortening of whole length of the 
lens is attained effectively. 

[0029]In this embodimentwhen performing a focus from an infinite distance object to 
a short distance object in a tele edgeit is carrying out by letting out the 4th group to 
the frontas shown in the straight line 4c of the figure. 

[0030]In this embodimentthe diffraction optical element of the symmetry of revolution 
was respectively provided in the 1 st group and the 2nd group to at least one optic 
axisthe phase was set up appropriatelythe chromatic aberration which this generates 



by the 1 st group and the 2nd group was reducedand the chromatic aberration is 
amended good over all the variable power ranges. 

[0031 ]The diffraction optical element in this embodiment is manufactured in binary by 
the lithographic technique which is the manufacture technique of a holographic optical 
element (HOE). A diffraction optical element may be manufactured by the binary 
optics (BINARY OPTICS). In this casein order to raise diffraction efficiencyit may be 
made the shape of the shape of a saw called kino form. It may manufacture by 
molding by the direction manufactured by these methods. 

[0032]The shape of the diffraction optical element in this embodimentWhen lambda 
and distance from an optic axis are set to h and a phase is set to phi (h) for a 
reference wavelength (d line)it is phi(h) =2 pi/lambda (C 1 h 2 +C 2 h 4 +C 3 andh 6 + — C (i) andh 2 ')... 
It is expressed with the formula of (1). 

[0033]Nextthe feature of the other composition of the numerical examples 1 and 2 is 
explained. 

[0034](**-i)When the Abbe number of the construction material of lenses with an 
arbitrary lens with which Zthis 1st groupand the 2nd group have a variable power ratio 
of N1C and the whole system for the lens number of sheets which this 1st group and 
the 2nd group have at least one diffraction optical element symmetrical with rotation 
to the optic axisrespectivelyand this 1 st group has is set to nu[0035] 
[Equation 5] 



It is satisfied. 

[0036]By thislessening the lens number of sheets of the 1st group and the 2nd 
groupit crossed to all the variable power rangesand the chromatic aberration is 
amended good. A conditional expression (a2) is 23< nu<72 preferably on optical 
performance further... (a2') 
It is good to make it satisfied. 

[0037](**-2) In the numerical example 1the 1st group L1 was constituted from the two 
positive lenses G1 and G2and has provided the diffraction optical element in the lens 
side by the side of the image surface of the positive lens G1 by the side of the object. 
The 2nd group L2 was constituted from negative lens G3 of two sheetsand G4and has 
provided the diffraction optical element in the lens side by the side of the object of 
G4 of the negative lens by the side of the image surface, the 3rd group L3 and the 
4th group L4 — the lens side by the side of an object consists of aspheric surfaces 
mostrespectively. 

[0038](**-3) In the numerical example 2the 1st group L1 was constituted from the 
negative lens G1 and the positive lens G2and has provided the diffraction optical 
element in the lens side by the side of the image surface of the positive lens G2 by 
the side of the image surface. The 2nd group L2 was constituted from negative lens 
G3 of two sheetsand G4and has provided the diffraction optical element in the lens 



side by the side of the object of the negative lens G4 by the side of the image 
surface, the 3rd group L3 and the 4th group L4 — the lens side by the side of an 
object consists of each aspheric surfaces most. 

[0039](**-4) In the numerical examples 1 and 2 of thesethe 3rd group L3 has diaphragm 
SP aheadand is a positive lens group of immobilization during zoomingand the 4th 
positive group L4 amends image surface fluctuation by variable powerand it is also 
performing distance doubling by the 4th group L4. 

[0040](**-5) He constitutes the 1st group L1 from two positive lensesand is trying to 
have a plate which has a diffraction optical surface of at least one sheet in the order 
or middle in numerical example 1 as another lens constitution of the 1st group LI. 
[0041]He constitutes from two sheets of a positive lensa negative lens or a negative 
lensand a positive lensand is trying to have a diffraction optical element in one of 
fields as composition of 1st another group LI. At this timelamination may be sufficient 
as a positive lens and a negative lens. It is necessary to amend a chromatic 
aberration by this lamination side and having two incomes in that caseand the 
diffraction optical element needs to strengthen positive refracting power. 
[0042](**-6) As another composition of the 2nd group L2he constitutes from two 
negative lenses like the numerical examples 1 and 2and is trying to have a plate which 
has a diffraction optical element of at least one sheet in the order or middle. 
[0043]It constitutes from two sheetsa positive lens and a negative lensor two sheetsa 
negative lens and a positive lensand may be made to have a diffraction optical 
element in one of fields as composition of 2nd another group L2. 
[0044]Nextthe feature of lens constitution of the numerical example 3 of drawing 7 is 
explained. The numerical example 3 is 5 group zoom lens of a high variable power ratio 
with a variable power ratio of about 50 times. 

[0045]In drawing 7 L1 is the 1st group (the 1st lens group) of positive refracting 
powerthe 2nd group (the 2nd lens group) of refracting power negative in L2the 3rd 
group (the 3rd lens group) of refracting power positive in L3the 4th group (the 4th 
lens group) of refracting power negative in L4and the 5th group (the 5th lens group) of 
refracting power positive in L5 among a figure. SP is an aperture diaphragm and is 
stationed ahead of the 3rd group L3. IP is the image surface. 

[0046]G is glass blockssuch as a color separation optical systema faceplatea filter. 
On the occasion of variable power from a wide angle end to a tele edgethe 2nd group 
L2 is moved to the image surface side like an arrowand the 4th group is moved so 
that it may have a convex locus in the object sideand image surface fluctuation 
accompanying variable power is amendedand is required. A rear focus type which 
moves the 4th group on an optic axis and performs a focus is adopted. 
[0047]The curve 4a of a solid line of the 4th group and the curve 4b of a dotted line 
which are shown in drawing 7 show a moving track for amending image surface 
fluctuation at the time of following on variable power from a wide angle end when 
carrying out the focus to an infinite distance object and a short distance object 



respectively to a tele edge. The 1 st groupthe 3rd groupand the 5th group are 
immobilization in the case of variable power and a focus. 
[0048]In this embodimentmove the 4th group and image surface fluctuation 
accompanying variable power is amendedand the 4th group is moved and it is made to 
perform a focus. It is made to move so that it may have a convex locus to the object 
side on the occasion of variable power from a wide angle end to a tele edgeas shown 
especially in the curves 4a and 4b of the figure. This aimed at effective use of air of 
the 3rd group and the 4th groupand shortening of whole length of the lens is attained 
effectively. 

[0049]In this embodimentwhen performing a focus from an infinite distance object to 
a short distance object in a tele edgeit is carrying out by letting out the 4th group to 
the frontas shown in the straight line 4c of the figure. 

[0050]In 5 group zoom lens in this embodimentthe 1st group was constituted from 
one negative lens and three positive lensesand a diffraction optical element of the 
symmetry of revolution is provided in a lens side by the side of the image surface of a 
lamination lens of a negative lens and a positive lens to an optic axis. Shape of a 
diffraction optical element is a formula (1). It is the same as that of the shown 
numerical examples 1 and 2. 

[0051]The 2nd group L2 was constituted from four lenses of a lamination lens of two 
negative lensesand negative lenses and positive lensesand has provided a diffraction 
optical element in a lens side by the side of the image surface of the 2nd negative 
lens. 

[0052]Nextthe feature of other composition of the numerical example 3 is explained. 
[0053](**-o When an Abbe number of construction material of lenses with an arbitrary 
lens with which Zthis 1st groupand the 2nd group have a variable power ratio of N1C 
and the whole system for lens number of sheets which this 1 st group and the 2nd 
group have at least one diffraction optical element symmetrical with rotation to an 
optic axisrespectivelyand this 1st group has is set to nu[0054] 
[Equation 6] 



It is satisfied. 

[0055]By thislessening the lens number of sheets of the 1st group and the 2nd 
groupit crossed to all the variable power rangesand the chromatic aberration is 
amended good. A conditional expression (a2) is 23< nu<72 preferably on optical 
performance further... (a2') 
It is good to make it satisfied. 

[0056](**-2) The 3rd group L3 consists of four lenses of a positive lensthe lamination 
lens of a positive lens and a negative lensand a positive lens. 
[0057](**-3)The 4th group L4 consists of lamination lenses of a positive lens and a 
negative lens. 



[0058](**-4) The 5th group L5 consists of three lenses of a lamination lens of a positive 
lensa negative lensand a positive lens. 

[0059]Nextthe feature of each numerical example of this invention is explained. 
[0060]It is better for a diffraction optical element to arrange to a lens side by the side 
of an object except for cases of being speciallike it is unavoidable on aberration 
compensation most in [ neither of ] the examples. This is for a diffraction optical 
element's comprising a slot of order of quite narrow widthfor exampleseveral 
micrometersor sub mumand protecting a lens surface from dust etc. 
[0061]By arranging a diffraction optical element and choosing a phase of a diffraction 
optical element suitably into the 1st group L1a chromatic aberration generated by the 
1st group L1for exampletwo waves of chromatic aberrationssuch as d line and g lineis 
suppressed smalland they are suppressing small change by zooming of a chromatic 
aberration as the whole. A chromatic aberration (secondary spectrum) remains in a 
tele edge at this time. 

[0062]By arranging a diffraction optical element and on the other handchoosing a 
phase of a diffraction optical element suitably into the 2nd group L2a chromatic 
aberration generated by the 2nd group L2for exampletwo waves of chromatic 
aberrationssuch as d line and g lineis suppressed smalland they are suppressing small 
change by zooming of a chromatic aberration as the whole. A chromatic aberration 
(secondary spectrum) which remains in a tele edge at this time becomes in the 
direction opposite to the 1st group LI. 

[0063]In this inventionin this waya diaphragm S twist also uses a diffraction optical 
element for a lens groupthe variable power group Lli.e.the 1st groupand the 2nd 
group L2 by the side of an objectand lessens a secondary spectrum by variable power. 
[0064]Namelyas mentioned abovethe 1st group L1 and the 2nd group L2 for variable 
powerBy arranging a diffraction optical surface of at least one sheet which is the 
symmetry of revolution to an optic axisrespectivelySuppressed small a chromatic 
aberration of a reference wavelength (d line and g line) within the 1 st group L1 and 
the 2nd group L2an opposite direction was made to generate a secondary spectrum 
generated by each by a variable power groupit had two incomes by the 1st group L1 
and the 2nd group L2and a chromatic aberration good as a whole is attained. 
[0065]By constituting in this waya lens which constitutes the 1st group L1 has one 
sheet or two sheets or more for two positive lenses of low distribution or a negative 
lens of high distributionand a positive lens of low distributionrespectivelyand also two 
or more lenses [ **** / pasting a negative lens and a positive lens together ] share 
itand it is performing achromatism. And by a diffraction optical elementlens number of 
sheets used for amendment of a chromatic aberration is decreasedand composed lens 
number of sheets is reduced as a whole. It has two or more sheets or one sheet for a 
negative lens of low distribution [ a lens which constitutes the 2nd group L2 ]and a 
positive lens of high distributionrespectivelyand also two or more lenses [ **** / 
pasting a negative lens and a positive lens together ] shareand achromatism is 



performed. And by a diffraction optical elementlens number of sheets used for 
amendment of a chromatic aberration decreasesand composed lens number of sheets 
is reduced as a whole. 

[0066] Even if it performs high-variable-power-izing and a miniaturization by having 
such compositiona zoom lens can be attained with cheap compositionwithout using 
expensive ** material of high distribution or low distribution. The further 
miniaturization can be attained also in a zoom lens exceeding 10 timesmaintaining 
good performance. An Abbe number of a lens which specifically constitutes the 1st 
lens group and the 2nd lens group is possible also at the range grade of 23< nu<65 in 
variable power which is about 10 times in the range of 23< nu<72 although it is 
possible. 

[0067]When setting to Fi refracting power of the i— th group that has a diffraction 
optical element as a method of reducing a chromatic aberration of a concrete zoom 
lensit is preferred to have the 1st [ at least ] page of a field with which the following 
formula is filled. 
[0068] 

Fi-C;<0 ... (i= 12) (2) — hereCi paraxial refracting power by a diffraction optical 
surface in the i-th group Li[ express and ] When this paraxial refracting power C; has 
a positive value and refracting power of the i— th group has a value negative and 
negative in refracting power (^refracting power of the i-th group has positive. Also at 
the time of a positive lens groupalso at the time of a negative lens groupit becomes 
the composition which can make curvature of the lens group looseand it is effective 
on aberration compensation. 

[0069](D Understanding in a formula is being able to adjust a phase with the distance 
h from an optic axis. As a lens diameter is largeinfluence of a high order coefficient 
becomes larger. A miniaturization is advanced in a noncommercial zoom lens 
described by this exampleespecially a zoom lens for videosand a large lens has few 
not much big lenses hi.e.distance. It is preferred that it is efficiently satisfied with 
attaining effective aberration compensation of the following conditional expression 
taking advantage of a coefficient also in a lens small moreover. HoweverC 2i and C 3i are 
the coefficients of the 4th paragraph in (1) type of a diffraction optical element in the 
i-th groupand the 6th paragraphrespectively. 
[0070] 

landlO^ICa/CiKlandlO' 1 (3) — 1 and 10 - 7 <|C 3 /Cj<1 and 10 " 2 ... (4) — a 

formula of theseas mentioned abovelt is a thing for carrying out aberration 
compensation effectively in a small path. If it separates from these conditional 
expressionsaberration compensation not only becomes difficultbut becomes difficult 
to manufacture a diffraction optical surfaceand it is not suitable. 
[0071]As mentioned aboveby a diffraction optical element arranged in the 1st group 
L1 and the 2nd group L2it has two incomesa chromatic aberration (secondary 
spectrum) generated in each lens group is suppressed smalland change by zooming of 



a chromatic aberration by movement of the 2nd group L2 is also suppressed small. At 
this timethe 5th fixed negative lens group can also be further allotted to the image 
surface side of the 4th group L4. At this timethe 5th group may be constituted so 
that the whole may serve as a looking-far typeand it may attain the further 
miniaturization. 

[0072] Like an examplerefracting power in a case of performing chromatic aberration 
correction instead of [ prosaic ] lamination of the 1st group L1 and the 2nd group 
L2etc. by a diffraction optical element is not so required. 

[0073]Hererefracting power may be given for some transverse chromatic aberration 
especially a curvature of fieldand distortion correction. If the following conditions are 
fulfilled when setting Fbo1Fbo2the 1st and 2nd group L1and a focal distance of L2 to 
F1 and F2 for a focal distance of the 1st and 2nd group L1 in that caseand a 
diffraction optical element of L2it is good also to aberration compensation including a 
chromatic aberration difficultly also about manufacture. 
[0074] 

0.05 — < — F1/Fbo1<0.7 ... (5) 0.05 — < — F2-/Fbo2<0.7 ... (6) — as for especially 
a lens group that has a diffraction optical elementit is preferred that it is in the next 
numerical value range, especially — the time of a high variable power ratio of 10 
times or more — 1 .0<F1/(Fw-Ft) 1/2 <3.0 ... (7) — especially in the case of about 10- 
time variable powerl.O — < — F1/(Fw-Ft) 1/2 <2.5 ... (7') however Fwand Ft are the 
focal distances of the whole system of a wide angle end and a tele edgerespectively. 
If it is within the limits of thiswork of a diffraction optical element can be pulled out 
effectively. If it deviates from a lower limit of this (7) typerefracting power of the 1st 
group L1 will be too strong that it stops to be unable to amend a chromatic aberration 
by a diffracted-light study systemand will become difficult also about manufacture. If 
upper limit is exceededeven if it will not use a diffraction optical elementremoval of a 
chromatic aberration becomes easy. Especially in order to obtain a lens of a desired 
focal distancerefracting power of the 2nd group L2 becomes strongan aberration 
amount generated by the 2nd group L2 becomes largeand it is not application. That 
isthe PETTSU bar sum becomes large negative and a curvature of field becomes 
overamendment. 

[0075]It is preferred that a diffraction optical element faced oneand suited and it is 

satisfied with a case of the following formula. 

[0076] 

| Fi/Rboi|<1.8 ... (8) — hereRboi is a curvature radius of a field in i group which forms 
a diffraction optical element. A base surface is a flat surface at the time of 
Rbo1 infinity. This (8) If it deviates from a formulaan effect of a diffracted-light study 
system cannot fully be pulled outwithout the ability to amend aberration generated on 
a curved surface of a base by a diffracted-light study systemand it is not suitable. 
[0077]Generallya chromatic aberration opposite to a chromatic aberration generated 
by the usual refraction generates a diffraction optical element. For examplewhen 



removing a lens which was performing achromatism according to the conventional 
lamination side etc. and reducing lens number of sheetsit is good to use as a 
diffraction optical element a field which has a chromatic aberration assignment 
opposite to the chromatic aberration assignment generated in respect of lamination. If 
it is made sucha chromatic aberration opposite to a chromatic aberration generated 
by the usual refraction occurs on a diffraction optical elementthe direction will 
become the same thing as a chromatic aberration generating direction in a lamination 
side which it has from the firstand achromatism of itsuch as laminationwill become 
possible on a single lens. 

[0078]When it sees from a viewpoint of a chromatic aberration coefficient (KYORITSU 
SHUPPAN stock issueYoshiya Matsui work "lens design method" the 89th page)a 
diaphragm S twist in respect of the object sideThe axis top chromatic aberration 
coefficient L and the chromatic-aberration-of-magnification coefficient T arrange a 
diffraction optical element to a field of identical codesandalso as for a diaphragm S 
twistit is preferred that both sides arrange a diffraction optical element to a field of 
an inverse code in respect of the image surface side. 

[0079]Therebythe lens which constitutes the 1st group L1 can attain the further 
miniaturizationa chromatic aberration being reducedbeing able to reduce composed 
lens number of sheetsand maintaining good performance by a diffraction optical 
element. 

[0080]When setting to t1 thickness on an optic axis of a lens which constitutes the 
1 st group L1 especiallyit is preferred to fill the following conditional expression. 
[0081] 

0.1 -- < — t1-/F1<0.33 ... (9) — when setting to t2 thickness on an optic axis of a 
lens which constitutes the 2nd group L2 especiallyit is preferred to fill the following 
conditional expression, especially — the time of high twice of 10 times or more — 
0.05 — < — t2-/F1<1 .5 ... (10) — at the time of about further 10 times. 0.55<t2- 
/FK0.4 ... (10') This (9) A formula and (10) types are (2)when a range effectively used 
in a diffraction optical element is shown and a diffraction optical element is used. As a 
part of a formula describedeven if curvature is loosedesired refracting power is 
acquired. If combination with a concave lens (the 1st lens group L1) for chromatic 
aberration correction and a convex lens (the 2nd lens group L2) can be abolished by a 
diffraction optical elementit will mean that thickness of a lens becomes thin and was 
used effectively. 

[0082]At the time of high twice of 10 times or moresince change of aberration is 
suppressedit tends to become thickbut it is possible to make it thin by a diffraction 
optical element. 

[0083](9) If it deviates from a maximum of (10) typesalso in the usual glass lensit will 
be possible thicknessand a diffraction optical element will not be used effectively. 
When it deviates from a lower limitrefracting power by diffraction is seriously 
neededgenerating of aberration becomes largeand it is not suitable. 



[0084]Although not indicated to this exampleit is also possible to attain the 1 st group 
lens group L1 or the 2nd lens group L2 by one sheet using a diffraction optical 
element. 

[0085]A thing of 1 lamination of kino form shape of one layer shown in drawing 10 as 
composition of a diffraction optical element used by this embodimenta thing of two- 
layer composition which laminated two layers from which grid thickness as shown in 
drawing 13 differs (or it is the same)etc. are applicable. 
[0086] Drawing 1 1 is the wavelength dependence characteristic of diffraction 
efficiency of the primary diffracted light of the diffraction optical element 101 shown 
in drawing 10 . Composition of the actual diffraction optical element 101 applies 
ultraviolet curing resin to the surface of the substrate 102and forms the layer 103 of 
the grid thickness d that diffraction efficiency of the primary diffracted light will be 
1 00% on wavelength of 530 nm at a resin part. 

[0087]It falls as diffraction efficiency of a design degree separates from optimized 
wavelength of 530 nm so that clearly [ in drawing 1 1 ]and on the other handdiffraction 
efficiency of the zero-order diffracted light of a degree near the design degree and 
the secondary diffracted light is increasing. An increase in the diffracted lights other 
than the design degree serves as the flareand leads to a fall of resolution of an optical 
system. 

[0088]The MTF characteristic to spatial frequency at the time of creating the 
numerical example 1 by the shape of a lattice type of drawing 10 is shown in drawing 
12 (A) and (B). MTF of a low frequency region is falling a little with the figure. 
[0089]The wavelength dependence characteristic of diffraction efficiency of the 
primary diffracted light of a diffraction optical element of a lamination type which 
laminated the two layers 104105 shown in drawing 13 is shown in drawing 14 . 
[0090]in drawing 13 it consists of ultraviolet curing resin (nd=1.499nud=54) on the 
substrate 102 — 104 [ layer / 1st ] is formed and it consists of another ultraviolet 
curing resin (nd=1.598nud=28) on it — 105 [ layer / 2nd ] is formed. In combination of 
this construction materialthe grid thickness d1 of 104 is setting the 1st layer of grid 
thickness d2 of d1=18.8micrometer and the 2nd layer 105 to d2=10.5micrometer. 
[0091]By using a diffraction optical element of a laminated structure so that drawing 

14 may showdiffraction efficiency of a design degree has the high diffraction 
efficiency of not less than 95% throughout the using wavelength. 
[0092]The MTF characteristic to spatial frequency at the time of creating the 
numerical example 1 by the shape of a lattice type of drawing 14 is shown in drawing 

15 (A) and (B). If a diffraction optical element of a laminated structure is usedMTF of 
low frequency will improve and the desired MTF characteristic will be obtained. 
Thusoptical performance is further improvable if a laminated structure is used as a 
diffraction optical element concerning this invention. 

[0093]Not a thing that limits construction material to ultraviolet curing resin but other 
plastic materials can be used as a diffraction optical element of the above-mentioned 



laminated structureand the 1st layer 104 may be directly formed in a substrate 
depending on a substrate. Each grid thickness does not necessarily need to differand 
as shown in drawing 16 depending on combination of materialgrid thickness of the two 
layers 104 and 105 may be made equal. 

[0094]In this casesince the shape of a lattice type is not formed on the surface of a 
diffraction optical elementit can excel in protection-against-dust natureand the 
assembly-operation nature of a diffraction optical element can be raised. 
[0095]Nexta numerical example of this invention is shown, in a numerical example 
ri — the object side — order — it is a curvature radius of the i~th lens sideandas for 
dithe i-th lens thickness and air spacingand ni and nui are a refractive index and an 
Abbe number of glass of the hth lens in order from the each object side in the object 
side. The above-mentioned monograph affair type and a relation of a numerical 
example are shown in table-1. 

[0096]Aspherical surface shape is expressed with a becoming formulawhen a direction 
of movement of a Y-axis and light is made positive to the X-axisan optic axisand a 
perpendicular direction and a paraxial curvature radiusKBCDEand F are respectively 
made into an aspheric surface coefficient for R in an optical axis direction. "D-OX" 
means "10 " x ." 
[0097] 
[Equation 7] 

It expresses with the becoming formula. "D-0X" means "10 " x ." 
[0098] 

[External Character 1] 



[0099] 

[External Character 2] 



[0100] 

[External Character 3] 



[0101] 
[Table 1] 



[0102] 

[Effect of the Invention]According to this invention (w u 1) In the zoom lens of a 4 



group type or 5 group type rear focus typeBy setting up the lens constitution of each 
lens group appropriatelythe object distance at large [ from an infinite distance object 
to / migrates to all the variable power ranges from a wide angle end to a tele edge 
and / a super-near object ] can be coveredand the zoom lens of a high variable 
power ratio can be attained by a large caliber ratio with good optical performance. 
[0103](**-2)In the zoom lens of a 4 group type or 5 group type rear focus typea 
diffraction optical element is respectively introduced into the 1st group and the 2nd 
groupReduce the lens number of sheets of the 1st group and the 2nd groupand attain 
the miniaturization of whole length of the lenscarry out the weight saving of the 1st 
groupreducing the chromatic aberration generated by the 1 st group and the 2nd group 
by using a diffracted-light study operationand. The zoom lens which has good optical 
performance over all the variable power ranges from a wide angle end to a tele edge 
can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1j The lens sectional view of the numerical example 1 of this invention 
[Drawing 2] The aberration figure of the wide angle end of the numerical example 1 of 
this invention 

[Drawing 3] The aberration figure of the tele edge of the numerical example 1 of this 
invention 

[Drawing 4] The lens sectional view of the numerical example 2 of this invention 
[Drawing 5] The aberration figure of the wide angle end of the numerical example 2 of 
this invention 

[Drawing 6] The aberration figure of the tele edge of the numerical example 2 of this 
invention 

[Drawing 7] The lens sectional view of the numerical example 3 of this invention 
[Drawing 8] The aberration figure of the wide angle end of the numerical example 3 of 
this invention 

[Drawing 9] The aberration figure of the tele edge of the numerical example 3 of this 
invention 

[Drawing 10] The explanatory view of the diffraction optical element concerning this 
invention 

[Drawing 1 1] The explanatory view of the wavelength dependence characteristic of the 
diffraction optical element concerning this invention 

[Drawing 12] The MTF characteristic figure of the diffraction optical element 
concerning this invention 

[Drawing 13] The explanatory view of the diffraction optical element concerning this 
invention 



[Drawing 14] The explanatory view of the wavelength dependence characteristic of the 
diffraction optical element concerning this invention 

[Drawing 15] The MTF characteristic figure of the diffraction optical element 
concerning this invention 

[Drawing 16] The explanatory view of the diffraction optical element concerning this 
invention 

[Description of Notations] 

L1 The 1st group 

L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

L5 The 5th group 

SP Diaphragm 

IP Image surface 

deltaM meridional image surface 

deltaS sagittal image surface 

d d line 

g g line 

101 Diffraction optical element 

102 Base 
103104105 Layer 
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T^4. X^ «2»L2tt2«I©ftUVXG3. G4T* 
ttlAU *©«ffiffl©& U>X©G 4©%rt*ffli]©U>X 

mzmve&i&GViiiT^*. ft3f¥i_3<hft4i¥i_ 

[0 0 3 8] (7-3) ftttJttttt2K£^T& ^1 S¥L 



y uvx^«©fiWb*«mittic»aLTt' k *. 

[0 0 2 9] **fiSJK«Hctel"Ts GUtfUiaSKfc^ 
TSSPia** 6 iffiES»f*'\ 7 * - £ 7 *ff 5 if £1* 

nog«>m4 c icstr * 3 K*4W*m*Niy a* c 

[0 0 3 0] *saBBJBTttiSl»4:*2»K*«^a 
< tt 1 o©^K»LTiaiB*H*!©lH»TJ!6¥Jlt?*H 
It. *©ttll*WS!HciB!eu ctilc*y«iHPfc*2 

[003 1] *ftjrattica5W-*la»rJfc$**?tt* *n 
^7^7^?*? (hoe) ©Hf^ar*«yv 

^57-f y *#Sfe-p2«ttfcMf*LTV*. EWr3fc£* 
^tt/\"-f^y-^7x< «>77 (B I NARY OPT 
I CS) ?8HtLTfcfil\ E©*£» »C0jfflft** 
±tf*fca&te*/7*-A£i*tf*l*«tt©rattteLT 

[0 0 3 2] SfcU»mK&t»lsttT3mE?®& 
tttt. S*>*JI (d«) *As 3VH»6«>Ett*h« ffi 
*S£<P (h) fcLfct* 
h4+C3'h6+-C(i)'h2i ) . . . (1) 

1 liftUVXG 1 ilEUVXG 2THWU «ffifll©IE 
U VXG 2 ©fcffiffl© U vXBfclalSf^JR^SKttT 
l**. X. ft2BL2l*2«C©ftl/>XG3. G4Tfl§ 
m U #MJ©ft U >XG 4 ©ttttfl J© U VXBBlciaSf 
3fe**f*Wm , »*. ft3#L3<!:ft4PL4©g*> 
WMOUVXII«*#«*WIIIJ:y«l«LT^*. 

[0 0 3 9] (7-4) Ctl6«9Bamfl1. 2?li, ft 
3 » L 3 tttt y S P LX- 5 V ?*KH£© 

jEUVX»T»*y, jE©»4«fL4l*»glC<fc*«BHS 
Kj*«jEr*fc«U:» «£fc-«»W4i!fL4fc:J:yfi : 

[0 0 4 0] (7-5) ftlSL 1 ©giJfcl/VXHMteLT 
(4. M0UM 1 Tttft 1 »L 1 *2*©jEU>XT« 
tfU *©^«lMi*IBU: / J«S:<i: , ti 1 tt©0&r3fc¥ 

[0 04 1] etWJttftlSL 1©*dS£LTtt» IEU 
VX. ftU>X, XttftUVX» iEU>X©2«jT«B8 
U l*rfttf©ffilE0*^*?*5T*J:3fcLTl,* 

5„ c©t*s jEuvxtftuvXttte^to-eTtifi 

l\ *©IWc^*ttE©IS£t>-eiEfc**TJllIEU 

[0 0 4 2] (7-6) ft2BL2®H©*rtfcLTI*, R 
MHI1, 2©<fc?U:2#t©ftU>XTfl§fiJcU *© 

ifMft«^tt+Bic / >a< i *©EH«fc5Mi6?**rr 

[0 0 4 3] EtC»J©«2WL2©«ll«tLTtt» iEU 
VX, HUVX©2*fc XttJll/VX* iEU>X©2tt 



(5) 
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[0 0 4 4] #fcH7©B«ftJ»«3 0UVXlllfiM>1$ 
mzwTWitZo *H»««3W*m5 0f58* 
<DM$Liglt<D 5 SX-A 1/ VXT***. 

[0 0 4 5] H7lcfe^THt'» L 1 ttiE©JBSr7J©* 
l/VXW) . L2ttft©JB*T73<0*2* (ft 
2UVXW) > L3ttjE©H»f7J©ft3» (ft3U>X 
W) s L4ttft©JBifr7J«>ft4» (ft4l/>XS) » L 
5ttjE©BSf73©«5S (»5l/VXS) SP 
ttWnttyWJ, ft3»L3 0m*U:l«LTl/»*. 

I PttftffiTS*. 

[0 0 4 6] Gttft5MB16*K^7i-xru-h» * 
LT7-f/l/*-»©#7X7ny*?S*. 
aa«'\OSeicBILT^En<DJ:5lCft2gfL 2£«iB 
IIO'MMBl***^!:. ^glCff-5«iSS»*»4gf« 
1WWWcfltt©«iM**T * J: 3 TIKE Lio 

TSo X, «4S*3^±»»*<rr7*-*X*ff5 
■J ^-7 *- aXiCfcSffl LTl^o 

[0 0 4 7] H 7 (CaVTft 4#Q*a<Dfl«4 a 

L T ^* * ©£Sl ffifr 6 ajMrvfiDSffifcff 3 PS©® 
ffi*»*«IET«*©»li^*SLT^*. ft IS. 
ft3#, »5tMMMatf7*— fcXOHL HSETS 

[0 0 4 8] *ftJBBttKfct' k Tl*«4W*»il**T 

ttT7*- AX*fr3J:5fcUT^*. wicniacttft 
4a, 4blc^fJ:5(ci£ft*^6a3S*lll^<0*ftlcl« 

cmcj;y»3iPi:»4»t<offi«<o««ispjffl*ia 

»A UVX£*©^b*«J*»l!:»»LTl/»*. 
[0 0 4 9] *||JBBM«cfe^Tx flfcHMiWilcfi^ 
Tmm&VllWfr 5 3fiEJWW*^7 * - * X*f5 3 

im>**4 c(cwr*3(=»4P*ii*'^yarc 

[0 0 5 0] *»JWBttfca3tt* 5«X-AU>XlcaB 
l^Tft 1 8* 1 tt®ftU>X£ 3«C<0IEU>X7«fi£ 
U *UVX£iEUVX©JltefctfUVX©«iiifll©U' 

1, 2 imams*. 

[0 0 5 1 ] X, ft28L 2«2«J(DftU>Xis ftU 
VXtjEUVXafttefctfUVXflMttOUVXTlft* 
U 2 ft g Oft U VXflHMBfll© U vXiEfcEHfrJfc^ft 

[0 0 5 2] %(cftffi^ft«|3 0[}S:«>fl!l«)ttfS(Ol$tt(C 

[0 0 5 3] W-1) Kft1g¥£ft2i¥tt*ft?*l*«U: 

fey, Bdititt#«r«ixvXttK«N i c, zmom. 



eit*z, sam»tft2»tf*r*uvxoe«<ou 

[0054] 
[R6] 

Nl C< VZ/2 • • • (a 1) 
K72 • • • (a Z) 

WUELTl^*. 

[0 0 5 5] EtllCfcoT. ftlSt»2WOU>Xtt 

loo. ^wsBHicayfeiR«*a«fK«i 

IE LTV*. i«* ftftS (a 2) tt»C3fc¥ttft±»* 
L<(*. 

2 3<\/<7 2 • • • (a 2' ) 

[0 0 5 6] W-2) ft3»L3l*iEU>X, EUVXi 
ftUVX©te^t)-eUVX» *LTiEUVXO4O(0U 

[0 0 5 7] M-3) «4»L4ttjEUVXtftUVX© 
fttefrtf L vX<fc y «MK LT^*. 

[0 0 5 8] W-4) »5»L5t*iEl/VX, ftUVXi 
IE U >X©tt§t)tt U VX© 3 O© U V X<fc y »fiE LT 

[0 0 5 9] *»W©««*ilffil©1«Kfc-3^ 

[0060] i^n©***]©^******©^ 

Xffilcli, i|JUMIE±^CFS»fc^ft©1*H)fc*£*l* 
l/»T» BWr*»«?ttl»Lft^*tfftl\ CtiliBOr 

*«ftr*»r«*. 

[006 1] ft 1 BL 1 |*3K|a»rJfc¥«?*EIlLT\ 

aaiciHWfjt¥ji5?®ffi*a*ffl?-r«ci:icj:y. *i 

«L1-P58sr*fe**» fll*tfd«i:g«i:l^fc2 
a»©feiO»tt'Jx* < LT©feiRM© 
X-5>7fc***»*'.h*<»a.TV*. ISJ* COt 
^aSSStcfeiRM (2*X"C*HW tf»SLT<*. 
[0 0 6 2] -TJv «2»L2rt(ClHl»Ti^«?*E« 

y, ft2ffL279B£-r«fitOI« fiij^«'d$li: g*l<»: 
^■3fc2aft©feJRfttt'h*<«Jil6ti» ^fttLT© 
fei0ai©X-5>^lcj:*ffltt*'Jx*<aiAT^*. d 

©t*Haanc»sr*6iR« (2*x^h/w ^ 

ftlWL 1 t«S«©^lRllCS5o 

[0063] *«ST», ccfedicttysjjyb** 
«w>uvxwt»a«. o*y«i»L iatfi2»L 

[0 0 6 4] fiP?, ±aLfe*3lC«lSL1 tSffiffl 
©ft2S¥L2«U f-n^ftJWlcWLTiaisWftft^ft 
<t<bltt©0»r3t*lB»Eftr*CtJcJ:y» ftlS¥ 
LI. ft2»L2rtT»aft (d«tg«) ©feiRS 



(6) 
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h;b*ifi*iRilcaft**Ts fti»L i <»:Sf2f¥L2K 
cfc »J Alt LT£tt£: LTfiff*ftiB««»aLT^*. 

[0065] c©«fc3K«jar*ct(cj:y. hbl 

5«©ftUVX£«»©iEI/>X*«i«i 1 8381^ 
tt2*MU:*SU KKftl/>XfciEUVX«»fc* 
fcy«M>U>X7flflLTfi»L«ToTlS5. *L 
T@#rft^mcJ:oTfeJHM©«IEK«? UVXttR 
****** 3>tt<t LT«fi2UVXtt»*»MLT^ 

X. «2gL2*^T*U:/Xt»fi#*©ftl/y 
X£K^©iEUVX**tl**tl2tt«±, Sl^tt 1 tt 
*ffU WcftUVX£IEUVX*tt£fc-«;fcy» ttft 
© U V XTttffi LTfi* Ltfr-aT^*. * LZ®X&t 
%**?U:.fcoT6iK*©*ElCtt3 UVXt!ltttf«'j> 

[0 0 6 6] C©«fc34«fiEif«Ci:lcj:ys iSSiS 

fflt^*c tft < «ffia«SfiET*x-A u>xtf»arp* 

5o 1 0fg*S*5X-AUVXtJ:feUT i t, H#fttt 

£ 0 ftttftKttlll UVX»t»2 UVX»*«WW* 
UVX©7 v "CRtt 2 3 < v/ < 7 2 ©BHTrTIBT** 
1 0 2 3 < v < 6 5 ©EHSJST-t. 

[0067] *#«ax-Au>xoftiR**iraEr* 
sat LT«, s«f3^*?**r*ji! i momiiz 
f i tr*4:*fcw\ *<oa*atfcraB**ft<ttii 

[0068] 

F i • Ci <0 (i =1, 2) • • • (2) 

cct, Cj i*mii¥L \ mz&z\°\m%¥mz&%x 
mmmtizmu c©ia«MssT2jCj #ie©«*8 

*t.»uvx»©t*ti» *©uvxik>«*«k-p 
**«wstc»ys iR»iiiE±*«i?**. 

[0 0 6 9] (D 3i;:&iv?*hfr«c&l& JttWfrS© 
E«htcJ:-3Tffi#i*«IIS'P**CtT»*. u>xa 

»*©««©■«#**< ft 

**»«ii , a / <T^*Bafflfl!)X-i*i/>x» »k 
eT^Ewx-^uvxtcfi^Ttt'j^ftjB^ttstiT 
fey, &y**ftu>Xs o*ye«htf**^u>x 
tt^ats *©±?» 'ji*ftuvxic£^Tt>tt*ttK 

fl=a*3IE-r*Cttf»*LL\ <IU C2i. C3i»* 
i 8fcfc**@»f3imKf©(1) 31=330*4 

*a» 6*ja©«a?**. 

[0070] 

1 • 1 0"4< I C 2 i/Cj |<1 • 1 0-1 • • • (3) 



1 • 1 0"7< | C3i/C j I < 1 • 1 0-2 • • • (4) 
CtlSOSttija Lit <fc -5 fc» 'J^tMUcfcl^T^K 
iMMUjE**-**©*©?**. Cti50*ffie*^+i 
5<ts «ffl«E<«iL<**WPa:<» E»fft¥lll* 

[007 1] ±iELfc«fcdfc. 3I18L ll*l<!:ffl2i¥L 

2 fcteEB* ftfcBSBfc**?*:: J: y . U> 
XWWB£T*fe*a* (2&3A* h;U) fcftf&LT'Jx 
*<»jL Jll2»L2©|«(HC«fc*ftiR*©X-S>f 
K«fc**IM»/h*<«];tSft*. £©££, Sfl4#L4 
©«iIrtWc»E@:£©S 5 ©ft U VXS*ET* E 4; t. 
T*£*„ C<7)4*s »5«ftt£{t:ffaa*'rXfcft*J: 
3fc*jaLT* Bft*'JifiHb*B:>T*fil\, 

[0 0 7 2] ftttfl©*?^ »1SL 1£tfS&2S¥L 
2©AtefelH*©&?l!IL©ttfcy©fiiK»||IE*s SSf 
J**JI6?-Pff 3 if £©SJ/r7Jtt. £ y lEWTtt ftts 

[0 0 7 3] CCT, £T©8ifl-)KM. ftlc^EJfSk 
T f 'f X h— > a V*iE©ilMeJB»WJ**fcfcT«iftl\ 
*©J§S©1g1. IS 2 # LI, L2C«¥fffflI 
AEUfFbol. Fbo2, ftl. «2»L1. L2©iu£Sg 
B*F1. F2£**£*«T©*fHHWfcLTl*ltt» « 

[0074] 

0. 0 5<F1/Fbo1<0. 7 • • • (5) 

0. 0 5<F2/Fbo2<0. 7 • • • (6) 

mz % 0*fit^*f*«r*uvx»(i. %<ofkflen 

1. 0<F1/ (Fw • Ft) 1/2 <3. 0 • • • (7) 

i ofgaswws©*^ 

1 . 0<F1/ (Fw • F t) V2 <2. 5 • • • (7') 

fc«u fw, f t\t**.*tut&m* aafli©^*© 
jfoSEE?**. c©«Hrtic**i«, ebb^*?© 
■**«btc3i*urcttf?**. e©(7)sc©th 

tt*JHItT«4\ IK 1 #L 1 ©HSf7J#SBi#T6iDai 
*EWTJfc%**?ttjE L* ftft < ft y , smco^r tH 

ft<4t,> &Rtt0!)M(£»8ft(cft«. X» maoftjjS 
U VX*»*»lCfcfc« 2 gf L 2 ©JBSf < 

ay, ft2*L2-wB£-r*iDaftff**<aywrr 
ftt\ ws, "Cyy/«-/Md#fttc**<fty» ^ejs 

fl^ffiIEJifiJlcft5„ 
[0 0 7 5] Xs EWf*fii5*f# 1 SLfrftUMi^tC 

[0076] 

I F i /Rboi |< 1 . 8 • • • (8) 
CCT, Rboitt0JJf}fc£JIS?*J&8LT^* i f¥F^<7)® 
©lUUMSST**. Rbo1=oo©i*ti^-xntf¥B? 
C©(8) ^*®^-r«<b^-X©fflET^t-S 



(7) 
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[0 0 7 7] -ASK, 0i^¥*?W:iMt©JHSrfc<fcy 

*<Ol^fc-B:iii»lc«k y SJH LfcffoTVfcUVX*!* 
SU UVXBi»*»ltfr*«£tt. *Ote^t)-a:iB-p 
3g£ LT^fc&R«^£fi*f©&K*»*i*li r 

?©^Mfg££ft<t|l]U*>©<!:fty, tt§t)-&«<0fe 
ft Ltf JHU>X±?fl«fcft*. 
[0 0 7 8] feHXM#iS (ftAtUEtt9fifr« 

« y s «fc y t^ttfljoffiT-tes a±feiRM«ii l <t^^ 
«y s * y j^ffi7«3R^*w^Hic[5]j/f^ 
[0079] c*iicj:y, «nwLi*«iar*uvx 

ttl=Wfyfiia*?tc J: oTftiR«*iHfi«*tu HlfiEl/VX 

a$?fttttg£*t8 Lftfl«6Ea*'j^a 

[0080] we, s i pl i *mmtz isyxoxm 
±©w**t 1 tr*t#, *©*fr3«wfcrc&tf 

[008 1] 

0. 1<t 1/FK0. 3 3 • • • (9) 

WC, H2ffL2*«Utr«UVX<D3«M±«)J»L*t 

2«!:ir5i:$> &©*ft3*MfcT©tf»* U\ fflc 

1 0«ULh©»«©£*tt» 

0. 0 5<t 2/FK1. 5 • • • (10) 

0. 5 5<t 2/FKO. 4 • • • (10') 

30(9) a, (io)a», ssfjt^sffs^ttKfflt^eti 

a*«fcJ:3lc, li^^ <Ttp/rM©EJ/r*lJW#6*i 
*. X» feJR«ajE<oa©HU>X OKI UVX8L 
1) , CU>X 0I21/VXWL2) £©ffl*£fctt* 
EBMfflimc. <fc o THihWtitf, Wc U v X©H * 

* < ft y *»fc«b*ifc C £ left «. 

[0 0 8 2] 1 0«tt±©Bft©fc*tt, iKS©S»j£ 

[0 0 8 3] (9) , (10)iW)±IH*aRTfttf, Ji£© 

#7 x u vxtcs^T t Rittft y v @sf^¥* 

?*5»(cttfflL.ZVftl\ X. TH«*aittr 5 &B 

<fty»STfti\ 

[0 0 8 4] (if. *JtttflKI*E«LT^ftl^ *1 
SUVXSL 1 , aB^B*2 UVXSR 2*[siJ/r#£* 



wbi^t i «rwtia-r*cit.Rrtt?«*. 

[0 0 8 5] *SaBBIBT«fT^*lHl»f3t¥«?<0« 
fi)6<hLT«iai 0tC^-riS<D*/7*-/xfKtt(DlS 
«ffi©ti©*». Ell 3fCSr*3fttt?JI<0Jlft* (X 
ttPO-©) 2^©/f£ffliiLfc2JItM©fc©gtfiIffl 

[o o 8 6] h 1 1 uh 1 o izmmir^m^ i o i 
© i *awtt<oigiff«i*©a««»!*ttr**. hps© 

[eH/t^IS? 1 0 1 ©«JSfi> Sttl 0 2®«|l|[CKft 
WMbWtte&ttU 5 3 0 nm?1*@ 

«3W!>0ifr»*tM 0 0%tft*«fc3fttt?Wd©«1 

[0 0 8 7] B1 1?WSfr&*3fc^fc»©EHfr«i 
*lttfflfl;L-fc»fi5 3 0 nmfrSlitlSlCftoTfiT 
U -*Kft3fclBfi«<0*»fl!) 0 aEWrifct 2 *0»f316 

©*»ntt7U7 7 i:fty, 3tt¥»©»«SOfiTlC"Pfttf 

So 

[0088] H11 2 (A) , (B) Kill OCllflgtt 

T-mmmm 1 ^j8Lfc^©£Mjs»»i::»r*M 

T F WttfciST. *©HTMSfl«tt»«© MTF 
[0089] 0 1 3 (Cat* 20©Jf1 04, 1 0 5^ 

[0 0 9 0] 11 1 3 T?tt«tt 1 0 2 ±icK9Mt«fb«tl)S 
(nd = 1. 499, i/d = 54) frbftSMUf 1 0 

4«&au *0±JcSJ®**m«fc«Mi (n d = 1 . 

5 98, i/d = 28) fr5ft^^2«1 05£JfcfigL-T 

f*. c©ttft©«*£fc*W** $1110 4©fc? 

JSd1«d1 = 18. 8/Ljm. $2©J11 0 5©tS?(* 

d2iid2=1 0. 5fim&LT^«. 
[009 1] m 1 4frS»fr**3l=Mlltt©ls»r3fe 

^*?(cf*CfP, Ktt*»©lil»f»*tt» 

[0092] 111 5 (A) , (B) ICE91 4<Dft¥WM 

TFWMrST. »M«fc©ls]ST#3*?*ffl^*^ 
ffiJRiftR©M T F tu p/tS©M T F ISttiWSS 

So 

[0093] 46, trmmmmmnmnmm^t l 

Ts *M**^WI*IBlcHJ£r*fc©?ttft<» ft 

1©JI1 0 4«E»S«tcJBi8LTtifit\ 
Jf*WLt,SftS^Slift<. *m©«*^t)*lEJ: 
oTttHI 6tei*r«fc3U:20©fl1 0 4<h1 05©ft 

[0 0 9 4] C©Jf^(*. 0SrJtt¥«?©*lHK«™ 
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«fifHitt*lRl±* C -hft^So 
[0 0 9 5] %(<:4:9i^«>ftflSltt«>J«^r. SffiHSfi 
ffiKcfc^T r i »«i1MRJ:UM(eff i SiOUVXS© 
d i(i»ftffliJcfcyiiIlcmi#i<Ob>XSS 
tf^MF^PI, niivi ttft4«NIJ:>JllC« i #S 

1 (C5*T. 

[0096] mm&mxMisfoizx** mtmm 
ftmcY®. jt(oafi*iRi*jEtLR*ifi«ia»*s> 
k, b, c, d, e, F*z«3mmmtLittz* 

ttfit*ftH 1 



^SiCTSLTl^o X TD-OXj \t ri 0-Xj 

[0097] 
[»7] 

i = — ■ ^ ^ +BH 4 +CH 6 +DH 8 +EH 10 +FH 12 

Wl-(1+I)0f/R) 2 

fttSTSLTl^. X TD-OXj it ri 0-Xj £jt 

[0098] 
[fl-1] 



f -4. 19000~ 


41.9 fno-l:I. 


850-2.81 2o>- 


60.6- 6.7* 


rl - 42. 051 


dl - 2.80 


■1-1. 51633 


v 1-84. 2 


r2 «-85.964(IH#fffi)<l2 - 0.17 






r3 - 14. 187 


d3 - 2. 60 


■2-1.51633 


v 2-64. 2 


r4 - 81. S87 


d4 - rT* 






r5 • 50. 589 


d5 - 0. 50 


08-1. 72000 


w 3-60.3 


rfi = 4. 533 


d6 • 2. 17 






r7 - -5.516(BHIr«)d7 - 0.50 


n4-l. 63172 


v 4*48. 8 


r8 -12.444 


d8 - 1.53 






r9 - (t») 


d9 - 1.00 






*rlO- 5.044 


dlO- 3. 02 


■5-1. 58313 


» 5-59. 4 


rl 1—77.651 


dll- 0. 08 






rl2- 6.832 


dl2" 0.56 


■8=1.84686 


i> 6-23. 8 


rl3- 4.350 


dl3- WSB 






*rU- 9.42S 


dU- 2.09 


■7-1. 58313 


i/ 7-59. 4 


rl5- -6.413 


dl6= 0.60 


n8-l. B4666 


v 8-23. 8 


rl6— 12. 465 


dl6- 1.50 






rl7- «° 


dl7- 3. 27 


■9-1.51633 


»■ 9=64. 2 


rI8- °° 
















4. 19 


22.02 


41.89 




d4 0.70 


9.40 


11.85 




d8 11.95 


3. 25 


0. 80 




dl3 8. 22 


2. 50 


6.20 




#Sffi«ft 








10E 1-1.35872-10° B- 4. 42384-10"* C 1.54612- 10" 7 


D— S. 21 


i350-10" 8 B— 2. 87640-10" 10 
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